The modification and tailoring the characteristics of nanostructured materials are of great interest due to controllable and unusual inherent properties in such materials. A simple spray pyrolysis technique is used to prepare pure and La-doped ZnO films. The influence of La concentration (0, 0.33, 0.45, 0.66, 0.92 and 1.04 at. %) on the structural, optical, and magnetic properties of ZnO was investigated. The exact nominal compositions of the prepared films were determined from the field emission scanning electron microscope occupied with EDX. X-ray diffraction confirmed that the samples possessed single-phase hexagonal wurtzite structure. The main crystal size was decreased from 315.50 Å to 229.04 Å depending on La dopant concentration. This decrease is due to the small ionic radius of Zn ions in compared to La ions.
Introduction
The relation between semiconductors and magnetism has led to the next generation of magnetic semiconductors, where it is not the electron charge but the electron spin that carries information [1] . These diluted magnetic semiconductors (DMSs) are formed by the partial replacement of cations in a non-magnetic semiconductor by magnetic transition metal ions [2] [3] [4] [5] .
They are of keen potentials for various applications such as spintronics, spin-valve transistors, spin light-emitting diodes, and logic devices [6] [7] . DMSs obtain their magnetic properties as a result of intrinsic defects or adding external impurities within semiconductors by doping process [6] [7] [8] . One of the most challenges facing DMS materials to be viable for commercial application is to get Curie temperatures (Tc) above room temperature or what so called the room temperature ferromagnetism (RTFM). Thus, recent studies are interested in increasing Tc experimentally by controlling the different preparation conditions and through different doping mechanisms [8, 9] .
The state-of-the-art semiconductor materials those recorded as DMS materials are II-VI compounds including CdTe, HgTe, CdS, CdO, ZnS, and ZnO [10] [11] [12] [13] [14] . This is due to their ability to achieve many desirable properties such as morphological, optical and electronic.
Earth-abundant metal oxide semiconductors with a large energy band gap have shown more efficient for DMS applications as it is easy in fabrication, availability and diversity in optical, chemical, electrical, magnetic and other characteristics. Furthermore, capability to adjust their properties by appropriate doping has made them very promising materials in a wide range of applications. Among all those earth-abundant metal oxide semiconductors, zinc oxide (ZnO) proved itself as a remarkable DMS material. ZnO presents strong solubility towards transition metals ions (3d) and rare earth ions (4f) which provides the needed to magnetic properties. DMS based on transition metals and rare earth doped ZnO are being studied as these impurity ions introduce ferromagnetic properties (intrinsic spin) of uncoupled electrons coming from unfilled 3d and 4f orbitals to be combined with free charge carriers in the same material [15, 16] .
Moreover, a non-toxic and inexpensive ZnO with a stable wurtzite structure doesn't only has a high transparency in the visible light region but it has also a direct wide band gap of 3.37 eV at room temperature which makes it one of the most encouraging materials for potential applications in various fields such as optoelectronic devices, transparent electrodes of solar cells, liquid crystal displays, memristors and gas sensing [15] [16] [17] [18] [19] .
ZnO has been fabricated in different shapes and by different techniques. It was succeeded to be fabricated as platelets, clusters consisting of nano-crystals, nano wires and thin films as well [20] [21] [22] [23] [24] [25] . Thin films are more practical and economical for different applications. ZnO thin film gives good adhesion towards different types of substrates. Previous studies have recorded variety of chemical and physical techniques for ZnO thin film deposition including chemical bath deposition, RF-sputtering, metal-organic chemical vapor deposition, molecular beam epitaxy, spray pyrolysis technique, filtered vacuum arc, and sol-gel [26] [27] [28] [29] [30] [31] [32] [33] . Compared to other deposition techniques, spray pyrolysis is considered as a one of the most remarkable and promising thin film deposition techniques as it is distinguished in its ability to coat large-scale areas, simple, non-vacuumed technique and inexpensive [34, 35] .
Rare earth elements are also under focus as dopants in ZnO-based DMS materials because of their optical, electrical and magnetic properties [36, 37] . Lanthanum (La)-doped ZnO nanoparticles prepared by sol-gel have given a room temperature ferromagnetism [38] . Recently, many researches are still working on showing the reasons of such behaviour. Some of those researches have interpreted such behaviour to oxygen vacancies in La-doped ZnO lattice [38] .
Whereas other groups have backed this behaviour to Zn vacancies [15] . In addition, few theoretical studies showed that La-doped ZnO is diamagnetic material and impossible to be ferromagnetic [39] . That conflict is common to be noticed between the theoretical and experimental studies.
Thus, in this work a detailed study on the preparation of pure ZnO and La-doped ZnO films with different contents by simple spray pyrolysis technique is reported. It was found that the magnetic properties of ZnO film strongly depend on La content in ZnO matrix. By controlling the La content, different and controversial magnetic properties were reported along with structural, morphological and optical properties. respectively. All aqueous solutions were stirred for 1 hr at room temperature for homogeneity.
Materials and Methods

Chemicals
Prior to the deposition process, the glass substrates were firstly cleaned through immersing in diluted HCl solution with DIW followed by washing in 1:1 DIW to ethanol in order to remove any surface oxides. After that, the glass substrates were carefully cleaned in ultrasonic cleaner then dried properly using compressed air and transferred to the substrate holder (or heater). with energy-dispersive X-ray (EDX) unit was employed to study the surface morphology and the elemental compositions of the as-prepared films. After photographing the films using FESEM, the micrographs were processed by Gwyddion 2.45 software without further calibrations [13] .
After that, a 3D graph was initiated for each sample. The roughness parameters were calculated using the same software in nm. Optical transmittance spectra of all as-prepared films were measured in the wavelength range of 200-900 nm with double beam Perkin-Elmer UV-vis spectrophotometer at room temperature and the optical bandgaps were estimated from linear extrapolation of Tauc plots, assuming direct allowed transition (n = 2). The thicknesses of all films were determined from Parava software by counting the interference fringes formed on the samples. The magnetic moment measurements were performed using a superconducting quantum interference device magnetometer (MPMS-XL5) from Quantum Design.
Results and Discussion
Figure 1 represents structure examination using XRD for pure and La-doped ZnO films as collected at room temperature. It is clear that all films are formed in a polycrystalline structure coincided with hexagonal wurtzite phase. All patterns are matched well with ICDD card No.
01-075-1526 of space group P63mc no.186. Furthermore, there is no secondary phase referring to the complete solubility and homogeneity of La +3 ion into ZnO lattice up to till ratio of 1.04
at.%. In addition, the main appeared peaks correspond to the planes (002), (101) and (103). It is obvious that peak of (002) has the largest intensity with respect to the others. This indicates that all films are preferred oriented along c-axis, which is perpendicular to substrate surface, and this behavior could be explained via Van der drift model [40] . It is also attributed to the nature of sp 3 hybrid orbitals of ZnO, which results in Zn +2 and O -2 ions tetrahedral coordination thereby lowering the inversing symmetry. It was found from previous studies that the lowest densities of the surface free energy were found to be 9.9, 12.3 and 20.9 eV/nm 2 that belongs to (002), (110) and (100), respectively [31] . Therefore, the film growth textured along (002) plane is mainly due to its lowest surface free energy [38] . These results agree well with that reported in references [27, 31, 33, 38] . A significant plunged was observed in the main peak intensity (002) distortion could be induced where crystal defects occurred. As a result, an impediment in the film growth could be formed, which could diminish the lattice size. This reduction in the grain size is a common behaviour in rare earth doped ZnO [36, 37] . This could be attributed to the similarity in their ionic radius.
The unit cell dimensions a and c along c-axis were estimated according to hexagonal wurtzite structure and listed in table (1) by using the equation [38] :
where d is the inter planar distance (hkl) are the Miller indices for the main peaks. Zn-O bond length of was also calculated using the following relation [43] :
where parameter u is represented by:
where a and c are the lattice parameter calculated above. The volume of the unit cell was estimated by using equation [27] :
As listed in table (1) there is a slight increase in lattice constant, bond length and lattice volume reflecting size difference between cations, this may agree with the fact that, there is significant difference between La +3 to Zn +2 radii. As La +3 substitutions into lattice occur, expansion was expected. Therefore, the Zn-O bond length is increased when some La +3 ions reside in the unit cell at Zn +2 ion positions. The theoretical density was computed using [12] :
where Z is the number of molecular per unit cell (Z=2), as depicted from the ICDD card, M is the molecular weight of the investigated samples, N is the known Avogadro's number and V is the unit cell volume. This likely seen that the density depends on both molecular weight and volume of unit cell. As the difference between atomic weights of La +3 (138.91 amu) and Zn However, with rising La ions into the films, grains tend to be more spherical. In addition, surface is distinguished with inter-granular porosity. The ratio of this porosity increases with La content growing. In addition, in the high contents' samples of La doping, the grains tend to be denser and compact, the micro cracks disappear and the grains look to be more observed and defects are more pronounced. These defects are generally due to the difference between the thermal expansion of both ZnO thin film (α = 7 × 10 -6 /°c) and soda lime glass (α = 9 × 10 -6 /°c), besides the lattice mismatch between glass substrate and perfectly order hexagonal ZnO [31] .
Roughness investigation of thin films is illustrated in Fig. 3 ZnO sample, then it grew steadily to achieve around 59.5 nm, and then it deteriorated suddenly to be 47.3 nm at the highest content of La. This trend of RMS could be explained by supposing that La ions have been trapped successfully into ZnO lattice, therefore the former work as a source of lattice defects [13] . Consequently, rising of La content leads to growing of surface roughness.
This rough of surface may induce interactions with host materials which may promote this type of thin film for gas sensing applications [18] . The energy-dispersive X-ray (EDS) analysis spectrum of pure and 1.04 at.% La-doped ZnO are shown in Fig. 4 a and Optical transmittance spectra of pure ZnO and La-doped ZnO films with different La contents are displayed in Fig. 5a . It is observed that all films exhibited high transparency in the visible region of 400-800 nm. Furthermore, the appearance of distinct Fabry-Perot fringes in the transmittance spectra of all deposited films are solid evidence of the high quality and homogeneity of the films surface which in turn manifest that the films are uniform and smooth.
The thicknesses of all sprayed films were calculated using the interference method through PARAV software and results are listed in table (1) .The optical band gaps (Eg) of all films were estimated from the Tauc's relationship between the absorption coefficient (α) 2 and the photon energy (hν) using the given equation [44, 45] :
where A is the slope of Tauc line which is knowing as a band tailing parameter and n values depending on the type of optical transition, for direct allowed optical band gap n = 2. Using the well-known relation between (αhν) 2 vs. hν, the Eg values for all films were determined by the extrapolation method as illustrated in Fig. 5b . The obtained values of Eg are listed in table (1).
As expected from the absorption edges, the Eg showed two different behaviors against La contents. The Eg values were increased from 3.214 eV to 3.245 eV as La content was increased from 0 at.% to 0.45 at%. Then it starts to descend upto 3.194 eV with a further increase in La content upto 1.04 at.%, respectively.
Band-gap widening with increasing La content in ZnO matrix is believed to be due to the 
Conclusion
Pure and La doped ZnO thin films were successfully synthesized in single phase hexagonal structure belonging to the space group P63mc. The unit cell volume decreased with poor values and then increased again. La doping enhanced the densification but impeded the grain growth.
The microstrain values are more pronounced with La doping content. The band gap increased with La doping while for high La contents and then it decreased again. The pure ZnO revealed paramagnetic trend, whilst the La doping induced ferromagnetism at different levels. From our point of view, one could recommend these films for magnetic gas sensors and in spintronic applications. 
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